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Introduction	
During	the	summer	of	2014,	Katelin	Stanley	and	I,	both	students	at	the	
University	of	Portland,	conducted	an	avian,	invertebrate,	woody	plant,	and	
vegetation	survey	on	the	riparian	zone	of	the	University’s	river	campus.	The	project	
was	generously	funded	by	The	Myra	Camille	Holland	Foundation	and	sought	to	
establish	a	baseline	to	monitor	the	former	Brownfield	site	as	restoration	progresses.	
Salmon	were	the	species	of	interest,	however	methods	focused	on	using	indicators	
of	riparian	zone	health	to	establish	a	suitable	habitat	for	salmon.	The	most	valuable	
analysis	will	come	after	several	years	of	data	has	been	collected	and	can	be	
compared.	Additionally,	the	results	were	reported	to	the	University	grounds	crew,	
Physical	Plant,	to	inform	future	restoration	techniques	and	the	status	of	the	existing	
vegetation.	Prior	to	this,	the	report	on	the	project	has	been	primarily	descriptive	
with	minimal	reporting	on	any	trends	in	vegetation.	
	 This	project	sought	to	look	at	any	existing	trends	in	the	vegetation	data	
collected	during	summer	2014.	Recognizing	vegetation	communities	and	spatial	
patterns	within	the	current	data	can	inform	the	effectiveness	of	restoration	methods	
and	provide	a	more	complete	picture	for	comparison	with	other	years’	data.	Using	R	
Reference	software	with	the	Vegan	program	and	Microsoft	Excel,	this	paper	will	
discuss	further	analysis	of	the	vegetation	survey	data.	
Background	
The	study	site,	commonly	known	as	"River	Campus,"	is	a	35	acre	plot	at	5828	N.	
Van	Houten	Place	in	Portland,	OR.	It	shares	a	2,250	ft	border	with	the	Willamette	
River	and	is	135	ft	below	the	University	of	Portland	campus.	It	has	been	designated	
a	Brownfield	site	by	the	Environmental	Protection	Agency	(EPA),	requiring	
coordinated	clean	up	of	the	contaminated	property.	The	property	is	part	of	the	
Portland	Harbor	Superfund	Site,	a	ten‐mile	stretch	along	the	river	that	has	
contaminated	surface	water,	groundwater,	and	soil	(U.S.	EPA,	2009).	
The	University	of	Portland	purchased	the	Triangle	Park	property	in	December	
2008	in	agreement	with	the	EPA	to	restore	the	area	under	the	Bona	Fide	
Prospective	Purchaser	agreement.	The	land	was	purchased	from	Triangle	Park,	
L.L.C.,	who	had	occupied	the	property	since	1997.	Before	this,	the	site	served	an	
array	of	industrial	functions	over	the	course	of	the	century	including	lumber	
manufacture	and	storage,	concrete	batching	operation,	wood	work	manufacture,	
asphalt	storage	facilities,	prefabricated	or	portable	house	manufacture,	scrap	metal	
storage,	wooden	barrel	manufacture,	marine	operations,	electrical	power	
generation,	construction	equipment	storage,	petroleum	fuel	storage	and	
distribution,	marine	and	dredging	equipment	storage,	chemical	and	soap	
manufacture,	railway	and	logging	equipment	storage,	shipbuilding,	environmental	
emergency	response,	ironworks,	regulated	hazardous	waste	storage,	dry	dock	
operations,	explosives	storage,	painting	and	sandblasting	operations,	used	AST	and	
UST	tank	storage,	general	warehousing,	PCB	transformer	cleaning	and	storage,	and	
tug	and	barge	operations.		An	investigation	of	the	extent	of	the	contamination	found	
excess	levels	of	copper,	zinc,	cadmium,	nickel,	arsenic,	lead,	polynuclear	aromatic	
hydrocarbons,	polychlorinated	biphenyls	according	to	the	Strategy	Screening	Level	
Values	(U.S.	EPA,	2008).		
After	purchasing	the	site,	in	agreement	with	the	EPA,	the	University	of	Portland	
removed	and	capped	contaminated	soil	hot	spots.	Additionally,	the	University	re‐
graded,	capped,	and	re‐vegetated	the	riparian	zone	(approximately	25	meters	from	
shore),	which	is	the	area	with	which	this	study	was	primarily	concerned	(ODEQ,	
2014).	A	list	of	the	species	planted	and	seeded	by	the	University	can	be	found	in	
Table	1.	A	grass	mixture	was	seeded	using	hydroseeding	and	stakes	of	native	woody	
species	were	planted.		Required	maintenance	included	weekly	watering	during	the	
dry	season	mid‐April	to	mid‐October	and	weeding	around	planted	shrubs.	
The	long‐term	goal	of	this	project	is	to	monitor	the	ecological	recovery	of	the	
riparian	zone	from	past	contamination	and	disturbance.	To	accomplish	this,	various	
parameters	of	species	diversity	will	be	surveyed	over	the	course	of	several	
summers.	The	purpose	of	the	summer	2014	work,	presented	here,	was	to	provide	
baseline	measurements	of	vegetation,	insect,	and	avian	diversity	data	with	which	
future	surveys	can	be	compared.	In	addition,	an	inventory	of	the	surviving	woody	
plants	planted	by	the	University	was	conducted	in	order	to	assist	the	grounds	crew	
and	inform	their	future	work	on	the	area.	
Many	studies	concerning	ecological	restoration	have	used	a	single	indicator	
species	to	monitor	ecosystem	recovery	and	conservation	(see	Buchand	et	al.	2014).	
While	these	methods	have	proven	useful	in	some	instances,	they	pose	the	risk	of	not	
being	able	to	present	a	broader	picture	of	ecological	health.	It	is	for	this	reason	that	
the	current	study	decided	to	involve	many	ecosystem	components	in	its	monitoring	
processes	instead	of	just	salmonid	populations,	increasing	the	likelihood	of	
obtaining	accurate	and	consistent	data.	
Insect	diversity	was	chosen	as	an	indicator	of	ecological	recovery	due	to	the	
integral	role	insects	play	in	the	community	as	pollinators,	consumers	of	plants,	and	
prey	for	birds	and	aquatic	life.	The	benefit	of	investigating	insect	diversity	has	been	
supported	by	several	studies	such	as	that	by	Cabrera	et	al.,	which	successfully	used	
ant	diversity	to	monitor	recovery	of	a	disturbed	site	(1998).	Dung	beetle	diversity	
have	been	used	in	riparian	forests	(Viegas	2014)	and	comparing	their	native	to	
exotic	ratios	can	indicate	habitat	health	(Gollan,	2011).	
Monitoring	avian	species	has	also	been	shown	to	be	a	good	indicator	of	full	
ecosystem	recovery,	as	birds	are	significant	seed	dispersers,	insect	predators,	and	
occasionally	pollinators.	Ortega‐Alvarez	et	al.	and	Bachand	et	al.	have	published	
studies	that	support	this	conviction,	having	monitored	avian	species	to	evaluate	
developments	in	ecological	health	(2013;	2014).	
The	research	group	was	selected	for	their	botany	experience,	thus	plant	
diversity	as	a	marker	of	ecosystem	health	was	considered	as	well.	Grasses	and	their	
relative	proportions	have	been	shown	to	vary	with	degradation	and	disturbance	in	
riparian	forests,	as	well	as	the	ratio	of	native	to	exotic	species	(Londe	and	da	Silva,	
2014).	Vegetation	health	influences	the	diversity	of	other	species,	as	a	study	by	
Smith	et	al.	found	that	avian	richness	and	overall	density	increased	in	various	
riparian	buffer	zones,	and	speculated	that	the	area	with	shrub,	grass,	and	woodland	
experienced	the	highest	richness	and	density	due	to	the	vegetative	diversity	(2008).	
Plants	are	the	base	of	the	food	web	and	vegetative	health	is	essential	in	facilitating	
the	establishment	of	other	species	in	a	restored	area.	
Considering	these	and	the	research	groups'	existing	skills,	it	was	decided	to	
approach	the	investigation	from	a	larger	environmental	perspective	in	terms	of	
vegetation,	insect,	and	avian	diversity	over	the	course	of	the	season.	Monitoring	
these	levels	of	diversity	is	expected	to	produce	data	pertinent	to	the	health	of	
salmon,	the	focal	species	for	this	project,	given	the	successes	of	similarly	designed	
studies.	For	example,	Toft	et	al.	examined	the	diversity	terrestrial	and	aquatic	
insects	as	a	measure	of	habitat	quality	and	prey	availability	for	juvenile	salmon	
(2013).	In	the	UP	study,	future	student	researchers	will	repeat	the	2014	surveying	
techniques	over	subsequent	summers	in	order	to	track	changes	in	the	area.	As	
diversity	increases	as	anticipated,	the	area	will	in	turn	provide	shade	and	food	for	
salmonid	populations.	For	example,	alteration	of	shoreline	shade	in	the	Olympic	
Peninsula	in	Washington	state	increased	juvenile	salmonid	populations,	as	well	as	
insect	and	algae	prevalence	(Wootton,	2012).	Additionally,	it	is	hoped	that	some	
phytoremediation	may	be	observed,	as	certain	plant	species	could	remove	and	store	
heavy	metals	and	other	toxic	materials	(see	Salido	et	al.	2003).	
R	Reference	is	a	free,	open	source	software	published	by	the	R	Foundation	for	
Statistical	Computing.	It	can	be	downloaded	at	www.r‐project.org.	The	vegan:	
community	ecology	program	was	developed	by	Jari	Oksanen	et	al.	specifically	for	
analyzing	data	of	vegetation	communities	(2014).		
Various	statistical	tests	were	used	to	analyze	the	data.	The	first,	species	richness,	
is	simply	the	number	of	species	in	a	sample	unit.	It	is	attractive	because	it	is	easy	to	
use	and	interpret,	although	its	accuracy	depends	heavily	upon	the	collector’s	skill	
and	size	of	the	sample	area.	There	are	several	methods	to	correct	this	bias,	one	of	
which	is	using	a	Jackknife	indicator.	It	attempts	to	correct	for	species	missed	during	
collection.	It	is	important	to	note	the	this	methods	is	not	as	accurate	for	large	
heterogeneous	areas	because	it	can	never	be	more	than	two	times	as	big	at	the	
original	richness	(McCune	and	Grace,	2002).	
The	Shannon‐Weaver	Diversity	Index	is	one	method	to	measure	the	diversity	of	
a	group	of	species.	It	works	by	assuming	that	maximum	diversity	is	equivalent	to	
maximum	uncertainty	when	drawing	individuals	at	random	from	a	group.	If	the	
group	is	very	diverse,	it	is	unlikely	to	know	which	type	of	individual	will	be	selected.	
The	numerical	value	the	test	provides	is	not	directly	meaningful,	but	gains	
significance	relative	to	other	communities	during	comparison	(McCune	and	Grace,	
2002).	
Multidimensional	Scaling	(MDS)	enables	the	visualization	of	similarity	on	a	two	
dimensional	space.	MDS	analysis	starts	by	calculating	the	Bray‐Curtis	similarity	
index	based	on	species	abundance	for	the	sites,	then	puts	the	similarity	on	a	two‐
dimensional	space	where	more	similar	sites	are	closer	together.	MDS	is	valuable	to	
larger	data	sets,	like	the	one	here,	because	using	two	dimensions	allows	for	better	
visualization.	Analysis	of	Variance	(ANOVA)	is	used	to	analyze	the	difference	
between	groups	based	on	MDS	scores.	It	is	used	to	determine	if	the	patterns	
observed	are	significant	(McCune	and	Grace,	2002).	
Methods	
The	riparian	zone	of	the	University	of	Portland	River	Campus	was	divided	into	
16	sections	delineated	by	16	transects	(Figure	1).	Transects	were	marked	by	placing	
stakes	at	50	meter	increments	along	the	road	edge	(GPS	coordinates	in	Table	1).	An	
additional	stake	was	placed	at	the	shoreline	in	line	with	the	first	stake,	so	as	to	make	
a	perpendicular	line	from	the	road	to	the	Willamette	River.	Notably,	many	of	the	
stakes	at	the	shoreline	were	washed	away	by	the	Willamette	by	the	end	of	the	
season.	Transects	were	numbered	sequentially	from	1‐16,	with	transect	1	at	the	
southernmost	end.	
	
	
Figure	1:	Representation	of	river	campus	riparian	area	division	into	designated	
transects	and	sectors.	
	
	
	
	
	
	
	
	
Table	1:	GPS	coordinates	of	vegetation	survey	transects	and	avian	point	count	
locations	
Transect  Latitude  Longitude 
Number 
of 
Quadrats
1  45°34'18.896 N 
122°43'57.822 
W  6 
2  45°34'19.975 N 
122°43'59.606 
W  6 
3  45°34'21.034 N 
122°44'01.337 
W  7 
4  45°34'21.867 N 
122°44'03.319 
W  5 
5  45°34'23.238 N 
122°44'04.144 
W  6 
6  45°34'24.803 N 
122°44'03.655 
W  5 
7  45°34'25.763 N 
122°44'05.491 
W  5 
8  45°34'26.678 N 
122°44'07.287 
W  5 
9  45°34'27.904 N 
122°44'08.754 
W  4 
10  45°34'28.714 N 
122°44'10.763 
W  3 
11  45°34'29.754 N 
122°44'12.000 
W  3 
12  45°34'29.641 N 
122°44'14.168 
W  4 
13  45°34'29.306 N 
122°44'16.260 
W  4 
14  45°34'30.283 N 
122°44'18.110 
W  4 
15  45°34'31.751 N 
122°44'17.942 
W  4 
16  45°34'32.551 N 
122°44'16.870 
W  5 
	
	 Areas	between	transects	were	named,	from	South	to	North,	as	follows:	Alpha,	
Bravo,	Charlie,	Delta,	Echo,	Foxtrot,	Golf,	Hotel,	India,	Juliet,	Kilo,	Mike,	November,	
Oscar.	Sector	Alpha	was	the	area	between	transects	1	and	2,	Bravo	between	2	and	3,	
et	cetera.	The	sector	between	the	southernmost	edge	of	the	property	and	the	first	
transect	was	labeled	as	sector	Null	(0),	as	it	was	significantly	smaller	and	rockier	
than	the	other	fifteen	sections	and	not	to	be	included	in	analysis.	
Prior	to	recording	data,	surveyors	familiarized	themselves	with	the	plant	species	
growing	in	the	River	Campus	riparian	zone	by	means	of	voucher	collection,	
photography,	and	subsequent	investigation	into	species	identification.	Specimens	
were	identified	using	many	resources	including	the	manual	by	Hitchcock	and	
Cronquist,	guides	by	Pojar	and	Mackinnon,	Royer,	Kaufman,	and	Taylor,	online	
databases	including	The	Plant	List,	Encyclopedia	of	Life,	and	the	Oregon	Flora	
Project,	and	with	the	help	of	the	resident	taxonomist	of	the	Hoyt	Arboretum	
Herbarium.	A	list	of	seeded	plants	was	provided	by	the	University	of	Portland	
Physical	Plant.	The	surveyors	also	practiced	the	surveying	technique	using	a	1‐m2	
quadrat	divided	into	100	squares	before	collecting	data	to	ensure	accurate	and	
precise	percent	cover	estimations.	
	 Vegetation	surveys	were	conducted	along	each	of	the	sixteen	transects	
described	above.	Beginning	at	the	shoreline	for	odd‐numbered	transects,	and	at	the	
top	ridge	of	the	riparian	zone	for	even‐numbered	transects,	1‐m2	areas	were	
surveyed	at	5‐m	intervals.	Due	to	variations	in	riparian	zone	length,	the	sum	total	of	
quadrats	surveyed	was	76,	with	a	maximum	of	6	quadrats	and	a	minimum	of	3	
quadrats	per	transect	(Table	1).	The	side	of	the	transect	line	along	which	the	1‐m2	
area	lay	was	determined	by	a	coin	toss,	and	the	subsequent	areas	alternated	sides.	
Two	surveyors	delineated	the	survey	area	using	a	1‐m2	quadrat,	took	a	photograph	
of	the	quadrat	with	photographer	facing	toward	the	transect	line,	and	estimated	the	
percent	cover	of	all	plant	species	in	the	quadrat.	If	the	plant	was	unknown,	it	was	
given	a	working	title	and	a	picture	and/or	voucher	specimen	(from	outside	the	
quadrat)	was	taken	for	later	identification.	Some	plants	were	unidentifiable	due	to	
age	and	were	recorded	as	such.	Grasses	were	identified	to	genus.	Transects	were	
surveyed	in	pairs	in	a	random	order	determined	by	a	random	number	generator.	
Seven	transects	were	surveyed	between	June	9th	and	18th	and	the	remaining	nine	
between	July	7th	and	11th.	
	 A	total	walkthrough	of	the	UP	river	campus	riparian	zone	was	conducted	in	
early	August,	in	which	two	surveyors	searched	for	any	species	which	had	not	
previously	been	observed	and/or	recorded.	For	each	new	species,	a	voucher	
specimen	was	collected	to	be	identified.	This	walkthrough	took	approximately	two	
and	a	half	hours	to	complete.	Additional	new	species	were	also	noted	during	the	
willow	walkthrough	on	August	4th,	and	voucher	specimens	were	collected.	This	data	
was	not	included	in	this	analysis,	save	for	use	in	determining	overall	species	
richness.	
	 Microsoft	Excel	was	used	to	organize	data,	determine	species	richness	
(including	a	jackknife	1	indicator	species	richness)	and	produce	tables	and	graphs.	R	
Reference	and	Vegan	package	were	used	to	further	analyze	data.	These	programs	
were	used	to	generate	MDS	and	Shannon‐Weaver	diversity	scores,	as	well	as	ANOVA	
analysis.	
	 After	MDS1	and	MDS2	scores,	which	represent	the	x	and	y	coordinates	of	the	
sites	on	the	MDS	plot,	were	generated	for	each	transect,	Microsoft	Excel	was	used	to	
produce	a	scatter	plot	to	look	for	patterns	in	spatial	and	temporal	gradients.	ANOVA	
analysis	was	preformed	to	detect	any	significant	differences	in	community	
composition	on	three	different	groupings	of	the	data:	four	even	groups	(transects	1‐
4,	5‐8,	9‐12,	13‐16),	five	groups	(transects	1‐3,	4‐6,	7‐9,	10‐12,	and	13‐16),	and	three	
groups	(1‐5,	6‐11,	and	12‐16).	ANOVA	was	also	preformed	on	the	transect	diversity	
scores	after	divided	into	two	groups:	transects	1‐8	and	9‐16.	An	alpha	value	of	score	
of	0.05	was	used	to	determine	statistical	differences	between	the	groups.	
Results	
This	study	was	designed	to	collect	data	for	comparison	over	at	least	three	
consecutive	years.	Final	analysis	of	data	at	that	point	will	offer	evidence	for	how	the	
biota	on	river	campus	is	changing	as	recovery	continues.	In	this	analysis,	vegetation	
data	was	used	to	describe	any	communities	or	trends,	as	well	as	present	a	summary	
of	the	vegetation	of	river	campus	during	the	summer	of	2014.	
The	species	richness	for	the	entire	site	was	139,	collected	during	vegetation	
surveys	along	the	transects	and	additional	walk‐throughs	of	the	area.	One	hundred	
species	were	found	during	vegetation	surveys.	The	species	richness	per	site	ranged	
from	6	to	25,	with	an	average	of	13.4	(standard	deviation	3.6).	A	jackknife	indicator	
of	species	richness	predicts	a	corrected	species	richness	of	152	species.	
Compared	to	the	139	species	found	on	the	entire	river	campus,	100	botanical	
species	were	found	during	the	vegetation	surveys.	33	species	were	listed	as	native	
to	the	Pacific	Northwest,	55	were	exotic,	4	were	listed	as	both	native	and	exotic,	and	
ten	were	unknown	(Appendix	1).		
Bent	grass	(Agrostis),	ryegrass	(Lolium),	white	clover	(Trifolium	repens),	and	true	
fescue	(Festuca)	were	the	most	frequently	observed	species,	appearing	in	93,	93,	87,	
and	75%	of	quadrats,	respectively.	Based	on	the	average	percent	cover	in	quadrats	
which	the	species	appeared,	White	sweet	clover	(Melilotus	albus),	bentgrass,	
ryegrass,	and	meadow	barley	(Hordeum	brachyantherum)	were	the	most	dominant	
in	terms	of	cover.	
Only	10	out	of	76	quadrats	(13%)	were	observed	to	have	less	than	100%	
vegetation	cover,	although	estimations	of	percent	cover	of	species	often	had	
overlapping	area,	especially	in	areas	with	taller	species	like	sweet	clover.	The	
transects	average	percent	cover	did	range	considerably.	The	highest	was	in	transect	
12	with	an	average	cover	of	367%,	compared	to	the	minimum	cover	of	101%	in	
transects	3.	Overall,	the	northern	transects	(9‐16)	had	high	overall	coverage	than	
the	southern	group	(1‐8).	
Surveyors	noted	that	the	northern	transects	(approximately	12‐16)	displayed	
significantly	more	abundant	and	diverse	species	than	the	southern	transects.	
Several	tests	were	applied	to	confirm	if	this	observation	was	in	fact	statistically	
significant.	
In	terms	of	species	richness,	the	northern	section	of	river	campus,	transects	9‐
16,	had	significantly	more	species	by	ANOVA	analysis	(p=0.0027).	The	average	
species	richness	of	transects	1‐8	was	12.0	(SD	=1.1),	and	transects	9‐16	had	an	
average	richness	of	15.5	(SD=2.2).	It	is	worth	noting	that	transect	12	had	an	average	
richness	of	20.3,	significantly	higher	than	other	transects	(Table	2).		
The	diversity,	as	determined	by	the	Shannon‐Weaver	diversity	index,	can	be	
seen	for	each	transect	in	Table	2.	The	diversity	scores	were	significantly	different	
for	the	northern	and	southern	transects	after	ANOVA	analysis	(p=0.037).	The	
northern	transects	9‐16	had	and	average	diversity	index	of	1.8	(SD=0.18),	whereas	
the	southern	transects	1‐8	had	an	average	diversity	index	of	2.0	(SD=0.24).		
Table	2.	Average	species	richness	and	Shannon‐Weaver	diversity	index	by	transect.	
Average	diversity	for	southern	and	northern	transects	shown	in	forth	column.		
	
	
The	MDS	scores	can	be	seen	in	two	dimensions	on	Figure	2.	For	ANOVA	
comparison,	MDS1	(x‐axis)	and	MDS2	(y‐axis)	scores	were	compared	separately.	
For	four	equal	groups	of	four	transects	each,	MDS1	and	2	scores	were	compared	
with	ANOVA	(Figure	2	and	Table	3,	Group	1).	MDS1	scores	were	significantly	
different	between	transects	1‐4	and	9‐12	(p=0.001),	as	well	as	transects	5‐8	and	9‐
12	(p=0.024).	For	MDS2	scores,	transects	5‐8	were	significantly	different	from	all	
other	transect	groups	(p=0.004,	0.020,	and	0.003).	To	put	it	in	terms	of	an	axis,	
transects	9‐12	were	significantly	distinct	from	transects	1‐8	on	the	x	axis,	while	on	
the	y	axis	transects	5‐8	as	a	group	were	distinct	from	all	other	clusters	
When	transects	were	divided	into	the	following	five	groups:	1‐3,	4‐6,	7‐9,	10‐12,	
and	13‐16,	the	following	trends	emerged	(Figure	2	and	Table	3,	Group	2).	The	MDS1	
scores	showed	that	transects	1‐3	were	different	than	transects	7‐16	(p=0.008,	
0.004,	0.047)	and	that	transects	4‐6	differed	significantly	from	groups	7‐12	
(p=0.022,	0.009).	The	only	significant	difference	on	the	y	axis	scores,	however,	was	
between	transects	7‐9	and	1‐3	(p=0.047),	as	well	as	7‐9	and	13‐16	(p=0.042).	
A	final	round	of	grouping	put	transects	1‐5,	6‐11,	and	12‐16	together	(Figure	2	
Table	3,	Group	3).	Analysis	of	MDS1	scores	showed	that	transects	1‐5	were	
significantly	different	than	6‐16	(p=	0.001,	0.006).	An	ANOVA	test	of	MDS2	scores	
showed	that	transects	6‐11	and	12‐16	were	significantly	distinct	on	the	y	axis	
(p=0.038)
	
‐0.5
‐0.4
‐0.3
‐0.2
‐0.1
0
0.1
0.2
0.3
0.4
0.5
0.6
‐0.8 ‐0.6 ‐0.4 ‐0.2 0 0.2 0.4 0.6
Group	1
		
Figure	2.	MDS	site	scores	of	transects,	organized	in	three	different	groupings	for	
ANOVA	analysis,	indicated	by	circles.	
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Table	3.	ANOVA	p‐values	displayed	for	each	transect	grouping.	Significant	p	values	
in	bold.	
Group  MDS1  MDS2 
1 
b‐a  0.3843466 0.0043461
c‐a  0.0013754 0.8087783
d‐a  0.0576877 0.9969999
c‐b  0.0235631 0.0204975
d‐b  0.6234725 0.0030937
d‐c  0.1853847 0.7003097
2 
b‐a  0.9762053 0.1863348
c‐a  0.0084807 0.0465927
d‐a  0.0036802 0.9468177
e‐a  0.0465993 0.9998415
c‐b  0.021502 0.8990828
d‐b  0.0091001 0.4843607
e‐b  0.1246846 0.1838454
d‐c  0.9821912 0.1473405
e‐c  0.6709742 0.0415781
e‐d  0.3654635 0.969496
3 
b‐a  0.0005943 0.1741522
c‐a  0.0058775 0.6867837
c‐b  0.5317827 0.0381602
	
To	determine	whether	sample	timing	caused	any	vegetation	trends,	and	ANOVA	
was	used	on	MDS	scores	for	groups	that	were	sampled	in	June	versus	July.	There	
was	no	significant	difference	found	(p=0.984,	Figure	3).	
Table	4	shows	the	top	species	in	terms	of	percent	cover	for	each	transect.	Color	
of	box	indicates	if	species	is	a	grass	(green)	or	nitrogen	fixing	(purple).	Native	
species	are	shown	in	bold	type.	The	majority	of	transects	have	a	fairly	similar	
species	composition,	with	agrostis,	lolium,	melilotus,	and	trifolium	dominating.	
Agrostis	in	particular	seemed	to	dominate.	Of	the	weedy	species,	Mentha	pulegium	is	
the	only	confirmed	invasive	species	in	Oregon.	The	majority	of	species	are	also	
exotic;	only	Lupinus	polyphyllus,	Amispon	americanus,	Epilobium	brachycarpum,	and	
Hordeum	brachyantherum	are	native	to	the	specific	Northwest.	
	
	
Figure	3.	MDS	scores	of	transects.	Blue	transects	were	surveyed	in	June,	red	were	
surveyed	in	July.	
	
Table	4.Dominant	species	in	each	transect	based	on	percent	cover,	shown	in	
parenthesis.	Color	of	box	indicates	which	species	are	grasses	(green),	nitrogen	fixers	
(purple),	and	invasive	(yellow).	
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Upon	examination,	it	appears	that	there	is	not	a	single	species	that	characterizes	
the	communities	seen	in	the	spatial	trend	analysis.	One	observation,	however,	it	that	
the	percent	cover	in	the	southern	transects	(approximately	1‐7)	is	notably	less	than	
the	remaining	northern	transects.		
Conclusion	
River	campus	is	vegetated	and	appears	to	be	habitable	for	a	variety	of	
vegetation.	The	amount	of	species	on	river	campus,	139,	came	as	a	pleasant	
surprise.	After	and	initial	survey	during	April	of	2014,	the	area	did	not	appear	to	
have	much	diversity	or	biomass.	
The	northern	transects,	particularly	12‐16,	had	larger	white	sweet	clover	
(Melilotus	albus)	and	big	leaf	lupine	(Lupinus	polyphyllus)	individuals	that	created	an	
overstory	and	led	to	high	overall	percent	coverage	for	the	quadrats.	In	contrast,	
many	of	the	quadrats	in	transects	2‐6	were	more	likely	to	consist	of	clumps	of	grass	
with	patches	of	soil	exposed.	
While	none	of	the	most	frequently	observed	species	are	native,	none	of	the	
species	are	invasive.	Furthermore,	each	has	potential	to	contribute	ecologically	to	
the	restoration	of	the	site.	Bentgrass,	ryegrass,	and	fescue	are	all	grasses	that	can	
hold	the	soil	in	place	and	prevent	erosion,	although	Gilbert	et	al.	has	shown	that	
other	riparian	species	are	more	effective	at	preventing	erosion	(2009).	White	clover	
is	in	the	legume	family	fabaceae	and	can	add	atmospheric	nitrogen	to	the	soil	with	
symbiotic	mycorrhiza	bacteria.		
Of	the	most	spatially	abundant	species,	only	the	meadow	barley	is	a	native	
species.	Still,	these	species	contribute	to	making	the	environment	more	hospitable	
for	other	ecologically	important	species	to	become	established.	As	more	species	
become	established	in	the	area	and	density	increases,	it	is	expected	that	the	
communities	will	shift	to	competitive	species	rather	than	the	facultative	ones	
present.	The	invasive	species	Pennyroyal	(Mentha	pulegium)	is	particularly	
abundant	in	transect	9.	It	should	be	removed	before	it	becomes	ecologically	harmful.	
Observations	of	increased	diversity	and	abundance	of	species	at	the	northern	
end	of	river	campus	were	confirmed	by	analysis	of	diversity,	species	richness,	and	
MDS	scores.	Initially	it	was	hypothesized	that	perhaps	the	northern	area	is	more	
sheltered	from	harsh	winds	or	topographically	was	able	to	maintain	higher	solid	
moisture.	Another	hypothesis	was	that	the	restoration	of	the	site	led	to	variable	soil	
conditions	across	the	region.	Admittedly,	the	lack	of	environmental	data	collected	
was	a	shortcoming	of	the	methods	used,	as	these	are	also	markers	of	how	the	area	
will	recover	and	can	influence	biological	communities.		
Unable	to	test	for	environmental	factors	that	could	contribute	to	specific	
vegetation	patterns,	correspondence	with	the	University’s	Physical	Plant	provided	a	
more	likely	explanation.	The	soil	composition	is	the	same	for	the	entire	site,	but	the	
northern	half	of	campus	was	hydroseeded	during	dry	weather,	while	the	southern	
half	was	hydroseeded	during	a	weeklong	rainstorm	two	weeks	later.	This	led	to	a	
considerable	amount	of	surface	runoff	in	the	southern	transects	before	the	tackifier	
in	the	seed	mix	had	time	to	set	properly.	The	entire	site	was	re‐seeded	in	April	2013,	
but	perhaps	this	did	not	offset	the	head	start	the	northern	area	had	the	previous	
year.	It	seems	this	is	the	more	significant	factor	in	the	community	trends	of	river	
campus,	rather	than	environmental	differences.	
Still,	teasing	out	specific	difference	in	vegetation	across	river	campus	can	be	
informative.	As	seen	in	the	various	MDS	site	score	groupings,	statistical	significance	
can	be	dependent	on	somewhat	arbitrary	combinations.	The	first	test	was	
preformed	on	groups	divided	into	four	equal	sections.	No	factors	like	topography	
were	taken	into	account.	A	second	grouping	divided	the	sixteen	transects	into	five	
groups,	potentially	highlighting	more	specific	groups.	Finally,	the	third	test	put	
transects	into	three	classes	based	on	the	surveyors’	experience	with	the	topography	
of	the	area.		
Analyzing	the	results	of	the	three	tests,	some	common	trends	emerge.	Broadly	
speaking,	the	southern	transects	were	significantly	different	from	the	northern	
transects	in	the	MDS1	scores.	This	confirms	what	species	richness	and	diversity	
scores	showed	for	the	area.	Adjacent	sites	were	less	likely	to	be	significantly	
different,	supporting	the	ideal	that	the	change	was	gradual	over	the	site.		
For	the	MDS2	y‐axis	scores,	only	the	middle	transects,	approximately	5‐10,	
differed	significantly.	This	is	an	interesting	finding,	as	it	indicated	that	the	southern‐
most	and	northern‐most	transects	are	more	similar	than	the	area	that	connects	
them.	Looking	at	the	community	data	in	Table	4,	there	is	not	an	obvious	trend	that	
would	distinguish	this	group.	Further	analysis	is	needed	to	determine	exactly	what	
caused	the	unexpected	difference.	
	 Transect	12	is	notable	because	of	its	high	overall	percent	cover	(367),	species	
richness	(21),	and	diversity	(2.3).	This	potential	outlier	could	have	had	misleading	
affect	on	results.	Observations	regarding	the	transect,	however,	could	account	for	
the	high	density	and	diversity.	The	area	was	at	a	curve	in	the	shoreline	(see	Figure	
1)	that	created	a	sort	of	valley.	It	is	very	likely	that	rainwater	collected	in	this	low	
area	and	soil	moisture	was	higher.	Again,	environmental	data	could	confirm	this.	
	 Fortunately,	there	was	not	a	significant	temporal	trend	among	the	transects.	
Data	was	collected	during	two	surveying	periods	in	June	and	July,	however	the	
timing	of	collection	did	not	produce	any	trends	in	the	vegetation	analysis.	This	
supports	that	the	timing	of	methods	is	not	a	confounding	factor	on	the	results	and	
can	be	continued	in	subsequent	years.	
	
Conclusions	
	 The	surveying	of	UP	river	campus	in	the	summer	of	2014	demonstrated	that	
the	formerly	contaminated	site	is	vegetated	and	that	there	are	communities	present.	
As	restoration	and	study	of	river	campus	continues,	the	vegetation	community	will	
change.	Hopefully	native	species	will	increase	in	frequency	and	abundance	as	the	
facultative	species	currently	present	improve	habitat	conditions.	Although	this	was	
a	passive	study	of	the	biota	present,	it	is	recommended	that	the	University	remove	
the	few	invasive	species	present	on	river	campus	and	that	future	surveyors	collect	
environmental	data	as	well.	
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Appendix	1.	Species	list	of	UP	river	campus,	collected	June	and	July	2014. Species	
indicated	in	bold	are	those	reportedly	planted	or	seeded	by	UP	Physical	Plant.	Non‐
woody	species	which	were	discovered	during	a	walkthrough	but	not	in	surveyed	
quadrats	are	indicated	in	the	“outside	quadrat”	column.	
 
Family Scientific	Name Common	Name Exotic/Native Outside	
Quadrat
Adoxaceae Sambucus	racemosa Red	elderberry N  
Amaranthaceae Amaranthus	retroflexus Rough	pigweed E * 
 Dysphania	ambrosioides Mexican	tea E * 
 Dysphania	pumilo Clammy	goosefoot E * 
Amygdaloideae Amelanchie	ralnifolia Saskatoon	
serviceberry
N  
Apiaceae Daucus	carota Wild	carrot E  
Apocynaceae Apocynum	cannabinum Hemp	dogbane N * 
Asteraceae Achillea	millefolium Common	yarrow E	and	N  
 Anthemis	cotula Stinking	chamomile E  
 Centaurea	diffusa Diffuse	knapweed E * 
 Centauria	x	moncktonii Meadow knapweed E * 
 Cirsium	arvense Canadian	thistle E  
 Cirsium	vulgare Bull	thistle E * 
 Conyza	bonariensis Asthmaweed E  
 Crepis	setosa Bristly	hawksbeard E * 
 Erigeron	spp.   * 
 Hypochaeris	radicata Common	cat’s	ear E  
 Lactuca	serriola Prickly	lettuce E  
 Lapsana	communis Nipplewort E  
 Leucanthemum	
maximum 
Shasta	daisy E * 
 Leucanthemum	vulgare Oxeye	daisy E  
 Matricaria	discoidea Pineapple	weed N  
 Pseudognaphalium	
stramineum 
Cottonbattingplant N  
 Senecio	sylvaticus Wood	groundsel E  
 Sonchus	asper Prickly	sow	thistle E  
 Symphyotrichium	hallii Hall’s	aster N * 
 Tanacetum	vulgare Common	tansy E  
 Taraxacum	officinale Common	dandelion E * 
 Xanthium	strumarium Rough	cocklebur E	or	N * 
Betulaceae Alnus	rubra Red	alder N  
Brassicaceae Raphanus	raphanistrum Jointed	charlock E * 
 Rorippa	curvisiliqua Curvepod	
yellowcress
N * 
 Rorippa	spp.    
 Sisymbrium	officinale Hedgemustard E * 
  Unknown   
Caprifoliaceae Lonicera	involucrata Twinberry N  
 Symphoricarpos	albus Snowberry N  
Caryophyllaceae Arenaria	serpyllifolia Thymeleaf	sandwort E  
 Scleranthus	annuus German	knotgrass E  
Chenopodiaceae Chenopodium	album Lambsquarters E  
Convolvulaceae Convolvulus	arvensis Field	bindweed E  
Cornaceae Cornus	sericea Red‐osier	dogwood N  
Dipsacaceae Dipsacus	fullonum Common	teasel E  
Euphorbiaceae Euphorbia	maculata Spotted	spurge E * 
Fabaceae Acmispon	americanus	
var.	americanus 
Pursh’s	lotus N  
 Cytisus	spp. Broom E * 
 Lotus	corniculatus Bird’s	eye	trefoil E  
 Lupinus	polycarpus Small‐flowered	
lupine
N  
 Lupinus	polyphyllus Big‐leaved	lupine N  
 	Lupinus	spp. Lupine   
 Medicago	lupulina Black	medic E  
 Melilotus	albus White	sweetclover E  
 Melilotus	officinalis Common	yellow	
sweetclover
E * 
 Trifolium	arvense Hare’s	foot	clover E  
 Trifolium	dubium Least	hop	clover E * 
 Trifolium	pratense Red	clover E * 
 Trifolium	repens White	clover E  
 Vicia	hirsuta Hairy	vetch E * 
 Vicia	sativa	
var.angustifolia 
Smaller	common	
vetch 
E  
Gentianaceae Centauriume	rythraea Common	centaury E  
Geraniaceae Erodium	cicutarium Common	stork’s	bill E  
 Geranium	dissectum Cutleaf	geranium E  
 Geranium	robertianum Herb	Robert E * 
Grossulariaceae Ribes	aureum Yellow	flowering	
currant
N  
 Ribes	sanguineum Red	flowering	
currant
N  
Hypericaceae Hypericum	perforatum St.	John’s	wort E  
Juncaceae Juncus	bufonius Toad	rush E	and	N  
Lamiaceae Melissa	officinalis Lemon	balm E  
 Mentha	pulegium Pennyroyal E  
 Prunella	vulgaris Common	self‐heal E	and	N  
 Lycopus	americanus American	bugleweed N  
Lythraceae Lythrum	hyssopifolium Hyssop	loosestrife E  
 Lythrum	salicaria Purple	loosestrife E * 
Malvaceae Malva	neglecta Common	mallow E  
 Malva	sylvestris High	mallow E * 
Myrsinaceae Anagallis	arvensis Scarlet	pimpernel E  
Oleaceae Fraxinus	latifolia Oregon	ash N  
Onagraceae Epilobium	
brachycarpum 
Tall	willowherb N  
 Epilobium	ciliatum Northern	willowherb N * 
 Epilobium	torreyi Stiff	spikeprimrose N * 
 Oenothera	villosavar.	
strigosa 
Villous	evening	
primrose
N  
Orobanchaceae Parentucellia	viscosa Yellow	parentucellia E  
Oxalidaceae Oxalis	corniculata Yellow	creeping	
wood	sorrel
E  
Pinaceae Pseudotsuga	menziesii Douglas	fir N  
Plantaginaceae Kickxia	elatine Sharp	leavedfluellin E * 
 Plantago	indica	(P.	
psyllium) 
Psyllium E * 
 Plantago	lanceolata English	plantain E  
 Plantago	major Common	plantain E  
 Veronica	arvensis Corn	speedwell E  
Poaceae Agrostis	capillaris Colonial	bentgrass E  
 Agrostis	stolonifera Creeping	bentgrass E  
 Aira	caryophyllea Silver	hairgrass E  
 Bromus	carinatus California	brome Unresolved  
 Bromus	tectorum Cheatgrass E * 
 Echinochloa	muricata Rough	barnyardgrass N * 
 Elymu	sglaucus Blue	wildrye N  
 Digitaria	spp. Crabgrass E  
 Festuca	spp.	(rubrum?) Unknown	fescue   
 Festuca	trachyphylla Hard	fescue E  
 Holcus	lanatus Velvet	grass E  
 Hordeum	
brachyantherum 
Meadow	barley N  
 Hordeum	spp.	Or	
Triticum	spp. 
Barley	or	Wheat E * 
 Lolium	multiflorum Annual	ryegrass E  
 Lolium	perenne Perennial	ryegrass E  
 Panicum	capillare Witchgrass N * 
 Polypogon	monspeliensis Rabbitsfoot	grass E  
 Ventenata	dubia North	Africa	grass E  
 Vulpia	bromoides Rattail	fescue E  
 Vulpia	myuros Foxtail	fescue E  
Polemoniaceae Navarretia	squarrosa Skunkweed N  
Polygonaceae Persicaria	spp.	Or	
Polygonum	spp. 
  * 
 Polygonum	aviculare Knotweed E  
 Rumex	conglomeratus Sharp	dock E * 
 Rumex	crispus Curly	dock E  
 Rumex	obtusifolius Broad‐leaved	dock E * 
Portulacaceae Portulaca	oleracea Common	purslane E * 
Rhamnaceae Rhamnus	purshiana Cascara	sagrada N  
Rosaceae Crataegus	columbiana Columbian	
hawthorne
N  
 Holodiscus	discolor Ocean	Spray N  
 Oemleria	cerasiformis Indian	plum N  
 Physocarpus	capitatus Pacific	ninebark N  
 Rosa	nutkana Nootka	rose N  
 Rubus	spp. Himalayan	
blackberry 
E  
Rubiaceae Galiumaparine Cleaver E * 
 Galium	divaricatum Lamarck’s	bedstraw E  
Saliaceae Populus	tremuloides Quaking	aspen N  
 Populus	trichocarpa Black	cottonwood N  
 Salix	lasiandra Pacific	willow N  
 Salix	scouleriana Scouler	willow N  
 Salix	sitchensis Sitka	willow N  
Sapindaceae Acer	circinatum Vine	maple N  
Scrophulariaceae Buddleja	davidii Butterfly	bush E * 
 Verbascum	blattaria Moth	mullein E  
 Verbascum	thapsus Flannel	mullein E  
Solanaceae Solanum	physalifolium Hairy	nightshade E  
Unknown 	 Bristly	weed   
  Dock‐like	flat	weeds	
(T9)
  
 	 Spiky	weed	(T5)   
  Tall	spike	leaf	(T3)   
	
	
	
	
	
	
	
